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ABSTRACT

In recent years the research of critical phenomena started to focus onairécdy
non equilibrium behavior of critical fluids which includéise investigation ofthe "piston
effect” or "critical speedingp”. Forthis purpose a newample cellvith volume chang-
ing capabilitieswas designed to investigate a density spectrum of +508edtritical
density p. of pure sulfurhexafluoride (Sk) and measure thmfluence ofthe average
fluid density on the critical fluid behavior.

Up to now the piston effect is studied only where a pressure wavexppasion
change of a cooled or heated boundaser creates asolume changdthe "piston”).
With the volume changing mechanism, realized by means of a real mquisbde, a
"forced piston effect" can be introduced imlefined and measurable way irite fluid
during the process dadjustingthe fluid density inthe sample cell. Three thermistors
observe first a fast then a subsequent temperature relaxadditionally a pressure
transducer indicates the pressure behavior.

The cell is integrated in a Van défaals-Zeemathermostat known fromaarious
Space Shuttle and MIRissions.The temperature control arthtaacquisition is han-
dled by the sophisticatedrrench ALICE 2facility which is made availablgor mi-
crogravity and ground based experiments, due @eaman-Frenclto-operation con-
tract. Thescientific objectives of thisesearch project and firgreliminary resultsfrom

ground based reference experiments are presented.
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afluoride



1 INTRODUCTION

In the pastfifteen years several studies of critical phenomena have jbeen
formed on ground and undsricrogravity using soundingockets,facilities on spacelab
during shuttlemissionsand on the MIR station. In most of thesgerimentthe sample
cell wasfilled with SK; of constantritical or near critical density. $kvas used atest
fluid because of its convenient and proper critical parameters.

We havenow designed a sample cell in white density ofthe fluid can be var-
ied in a range of £50% dhe critical densityp.. With this we can studthe influence of
various average densities the behavior of dluid near its criticaktate, both on ground
and under microgravity. Thelume changing mechanism has been realized by means of
a movablepiston. As the rass of Skin the cell is constant, thgensity variation is in-
versely proportional to the volume change.

Up to now the pistorffect studied theoretically arekperimentally by serveral
authors [1,7,8,9,10] could m=en in a finite volume whethe boundaryjayer was ex-
posed to a sudden temperature change. This causes either a fast expansion or contraction
of the boundaryayer creating ahock wave propagating through thed resulting in a
quick temperature dissemination.

In our &ll theexpansion and contraction thfe boundaryayer, corresponding to
a volume change, can be simulated with pistonmovement performed in defined

measurable way. In this case we talk about the "forced piston effect".



2 EXPERIMENTAL SETUP
The experimental setup consists of a sample celincorporated in a thernstat
which can either be inserted tine French ALICE 2facility or alaboratory setupvith

temperature control and data acquisition.

2.1 THE INSTRUMENT

The ALICE 2 @nalyse ded.| quidesCritiques dans Espace) is an advanced
Frenchfacility [5] for the investigation of phase transitions and masslerat transport
phenomena of fluids near their critical point under microgravity conditionstattigy is
built around a thermostat unit that provides ugwvo fluid sampleswith a highly stable
thermal environment. Fluid behavior msonitored through accurate temperature and
pressure measurements at low aigh samplingates, and through opticdlagnostics,
such as microscopy, direct observation, and grid shadow technique. A datdrahan-
agement system performs automaticadly the commands anccontrols of a pre-
programmed experiment cycléemperature and pressudata asvell as facilityhouse-
keepingdata are storednd CCDimagesare recorded. A separadéectronics ispecifi-

cally dedicated to the thermal control of the thermostat containing fluid samples.

2.2 THE THERMOSTAT

For obtaining a stabléemperatureenvironment a well-triedhermostafrom the
Van derWaals-ZeemarLaboratory of theUniversity of Amsterdam, isised. Similar
typesflew successfully duringarious missions onthe space shuttle (IML-1 and 2 in

CPF) and on MIR in thécilities ALICE 1 and 2. Figure 1 shows tiseghtly modified



threeshellthermostatcontaining a system dfeaterfoils, peltier elements angmpera-
ture probes to guaranteevery stableéemperature environment. Thigermostat can ei-
ther be inserted in thalice 2 facility, whichcontains the temperature contrall, optical
diagnostics, and theata storagsystem or used ithe laboratory with a Vader Waals
temperature control and self-madedata acquisition system. The temperature in the
sample cell unifSCU) can be controlled in both cases siability beter thant0.1 mK.

To keep losses from heat conduction #meltemperature gradient in the SCU as low as
possiblemost parts of thealve and ston mechanismaremade of material with amall

heat conduction coefficient.

The SCU made of aluminum (thermal diffusivity a = 93[207° ), incorporates

the sample cell(=1.4 cm) filled with SR and a variableompensation volumeoth
connected with eacbther over a thircanal The canal can be closed with salve
mechanisnio separatsample cellendcompensation volumigom each other. Theize
of thecompensation volumean be changed by means gdiston manipulated mechani-
cally with ahandwheellt allows a density variation @he testfluid in arange of £50%
of the critical densityp.. A turn indicatorhelps to defineghe magnitude ofthe vol-
ume/density change up to a accuracyApE0.4% p.. Whenthe valve mechanism is
turned, however, theolume change is always fixed Av=4.922 mni, which makes

also small but defined density changes possible.

2.3 THE SAMPLE CELL
Figure 2a shows a sketch of tsemple cell anthe positions of theneasurement

thermistors in thesell. The cell has a shape ofcglinder with 12 mm in diameter and



length respectivelyThermistor 1(Th-1) is positioned 1 mroff the center of the cell,
thermistor 2(Th-2) is locatedrery close tahewall and 6 mm below Th-1, artiermis-
tor 3 (Th-3) is mounted alseery close tahewall, but outside the cell so thathas no
direct contacwith thefluid. In the laboratory the cell can betated by 180°, so that
depending onhefilling one of theinner cell thermistors is always the liquid and the
other one in the gaseous phasepiézoresistivepressure sensas used to detect pres-
sure changes in thHeuid. In this configuratiorthe only optical analysistools are direct
observation and grid shadow technique.

The canal between théwo volumes can be closed withvalve after thefluid's
density has been changedoirder toavoid any disturbing influences frortthe compen-
sation volume orthe testfluid which could not beobserved, particularly during phase
transition and relaxation experimerf®r the forced pistoaffect experiments, however,

the valve is left open and therefore ignored in this figure for the reason of simplicity.

3 SCIENTIFIC OBJECTIVES

The basic idea othe pistoneffect is that a sudden rise in temperaturghéwall
of a sample cell with @onstantvolume causes a thermal expansiorthef fluid in the
boundary layer. This results in a compressiothefbulk fluid and an average pressure
increase [4]. Assumingegligibletemperature gradients outside the boundaygr the
compression is adiabatic and unter assumption that no energylissipatingthe com-
pression can be regarded as isentropic, too, leadingeto@erature increase. Therefore

the energytransport to the center of the cell isnechanicaprocess, propagating like a



pressure wavejefined bythe speed of soundgvand the isentropicompressibilityxs
[2].

In our experiment we try a differe@pproach. According to Figure 2a omall
of the compensatiomolume consists of a movable pistehich translatorical movement
is very well defined, as e subsequemblume change. Undeéhe assumption of a ho-
mogeneous temperature distribution asiratiel condition, all three thermistors in the
sample celsee thesametemperature (FFT,=Ts), identical tothe wall temperature .

Tw is above the coexistence curve in the one-phase region fifithandkept constant
with the thermostat temperature control.

Moving the piston by avell defined lengthithe volume is changed bV and
therefore the averagkensity byAp (Fig. 2b).This creates a pressure wave propagating
through the celinducing a realpiston effect”, what weatl the "forced piston effect". If
the averagelensity changéyp is performed fast enough and under the assumption of
negligibletemperature gradients and no energy dissipating, the compresainbatic
and the temperature change is equal in the bulk fluid and is nearly isentropic.

Due to thecapability of measuringemperature and pressure chand€s, Ap) at a high
resolution thaifference coefficients can be eeged aglifferential coefficients when the

stepsize ofAp is adaptedaccordingly andhe pistonmovementsare performedapidly

at a well definedength. Hence, with%ipg , E{DIE or ?& severalisertropic coef-
opL, [opLl T

ficients can be calculated.



From the temperature and averagasity changéhe isentropi@xpansion coefficientg

can be determined with

- B0
pLOTLL T AT
as well aghe isentropiccompressibilityxs from the subsequent average change in pres-

sureAp with

_1bpl  [bpO Dﬂ

Xs = otopt’ opd ~ ap’

and withAp andAT the isentropic tension coefficiefid

oS

With these isentropic coefficients further thermodynamic relations canrivedle
and used as a check of the consistend¢besfnodynamic equations, suchtls speed of

sound

Wy = pX ¢

or the isochoric specific heat capacity

. 1
& :—%G sBv with B, :B%a

The isochoric tension coefficie@, can be measured from isochoric changes of T with

the sameapparatusWhile the temperature is crossing the coexistence curve, the dy-
namicprocess of the phase separation can also be observed as longgsethments

are performeahottoo close around theritical point. Within the region of aboufT-T.)=

+0.5 K and Ap= +15% of p, however, theeffect of gravity onthe fluid's behavior is



dominatingtoo much and, therefore, the nearitical region should be investigated in
space under microgravity conditions.
These densitgteps can be performed in th@me way irthe 2-phase region. In

this casemeasuringthe temperatureise simultaneously itboth phases the isentropic

tension coefficienps can be obtainedVhile 35 in the gaseous phase is larger than in the

liquid phase it should converge to tkame value whethe critical temperature {Jis
reached.

After a density variationhe temperature in thieulk fluid has changed to dif-
ferent valuewhile the temperature of theall, controlled bythe thermostat, is kept
constant on the initial value. Therefore thw will return to thenitial temperaturevith
an exponential function, according to theory [6]. From thes relaxatiortime 1 of the

system can be derived, which is defined as

RZ
T=
D, CC

where R is a characteristic lengthtbé cell, Dy, the thermaldiffusivity of the fluid, and
C a geometrical constant. If R and C are determined finicaregion, where E is
known, the relaxation process can be usedetermine [y, close to thecritical point as

a function of T ang. In the two-phase region with the knowledge ofttiexrmal diffu-
sivity of both phases at saturation, tinduence ofthe interface onthe nmass ancheat

transport across the interface can be estimated.



4 PRELIMINARY RESULTS

Figures3a, 3b, and 4 depict sonedfects caused by density changes performed
during first preliminary ground-based experiments test thefacility not for scientific
evaluation. No matter whether tdensity is increased or decreased T(sdefig. 2) is
alwaysexposed to a greatehange in temperature than Ttwhich is influenced by the
constant wall temperature,3Ts.

Figure 3a shows theffect of a0.22%volume increase (density decreas@eéy-
formed with thevalve mechanisr{see chapter 2.2). Thexperiment stds at anaverage
densityp=1.34 p., with a constantvall temperature J=T.+2K and homogeneous tem-
peraturedistribution (,.=T,=T5=T,). Almost immediatelywith the start of thevolume
change the pressure wave reaches the thermistors Th-1 and Th-2 and both observe a
steep temperature decreasedfops toalmost-65 mKand T, to -40mK, bothrelative
to the wall temperature,Jwhich remains constant withthe measurement resolution of
Atyin=0.6 mK.

The discontinuity othe temperature decrease is the result of a twovstieme
change indicating thahe fluid is responding very fast tthe density variation. Imme-
diately after thevolume remaingonstant both curves return to thial temperature J
exponentially. This isupported by the fact that afteeingcooled by the forced piston
effect the fluid touches the warmewall and experiences an expansoiure to the tem-
perature gradient and tiieermal piston effecstarts.Remarkablythe curve othermis-
tor 2 isflattening after 2 seconds and even crossiirggthermistor 3 curve after 13 sec-
onds.This has to be investigated imore detail, but onexplanation can probably be

found in thegravity effect in combination witthe position of the thermistors in thell
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(fig. 2). Th-1 is located 6 mmbove Th-2 and experiences a larger temperaliop
leading to a higher local densitytine fluid. As aresult, conviction starts and the colder
fluid sinks tothe bottom of theall (Th-2). Afterlong enough period dfime (not shown

in the graphhpll temperatures converge to timéial, which iskept constant by the ther-
mostat temperature control.

The volume change in figure 3a gawith the sametemperature conditions,
whereas the averagensity is ap=pc. This timethe volume is decreased IBy17% in 3

steps. As expected, boitmer cell thermistors obsermmmediately asteep temperature
increase, thermistor 1 reaching a pealk 30 mK and thermistor 2 AT=25mK. It is
obvious that the absolute temperature changamigller due to thesmaller volume
change. Again, asoon as th@olume change istopped, both temperatures start to de-
cay immediately. While T3 iseturning to thdnitial constant temperature,Texponen-
tially, the relaxation process of T2 reveals quite interesting dynamicsthérgtadient is
much steeer, second a quiteoticeableundershoot below thiaitial temperature can be
observed.

The same effect is seen in figureHere thedensity is increased quite drastically in 13
stepsfrom p=1.15p. to 1.4p. at a set point temperature afFT.+200mK. Due to the
huge density variatiothe temperature in theelt is rising bymore than 500nK, which
makes it impossible to keep thvall temperature JJ constant. J even increases by more
than 50 mK before it returns to thaitial value due to the temperature control (not
shown here). Therefore in this grapihe temperature changes of and T arerelative

to the set point temperature used as the reference temperature.
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It can clearly be seen that Tiddershoots nainly the wall temperature budlso
theinitial set point temperaturdhis observation coincides withe observation of [3]
who observed iis experiments that loctilid temperatures can darshootheir initial
value after a heat pulseccurs.This is an indication thathe pistoneffect behaves the
same or at leagtimilar, no natter whether it was generatétermally by aheatpulse
from a thermistor or mechanically with a sudden volume change.

This temperature undershootlvpe studied further togethevith the observation of the
density relaxation by means of interferometry, which also give informatiorabout the
convection process due to inducledal temperature gradient generated from a me-

chanical piston effect.
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FIGURE CAPTIONS

Fig. 1. Sketch of thermostat with integratsample cell uni{fSCU) andvolume chang-
ing mechanism

Fig. 2. Detiled cell illustration with measuremesensors andorinciple of volume
change. Temperature behavior after density variation.

Fig. 3. a) Temperature changes relativecomstantwall temperature J= T, +2 K at
TH-1 and TH-2 after 0.22%volume decreaselnitial density isp=1.34o.. b)
Temperature changes relativedonstantvall temperature J= T. +2 K at TH-1
and TH-2 after 0.17% volume increase. Initial densipAg..

Fig. 4. Temperature changes relativeset point temperaturescET.+200 mK during a

density increase from 115% to 14@%in 13 steps.
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